The prevalence of hepatitis C virus infection in Texas:
implications for future health care
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Chronic hepatitis C is often asymptomatic and undiagnosed yet can pro-
gress to liver failure or hepatocellular carcinoma. This study determined
the prevalence of hepatitis C in Texas and estimated the progression of
disease in this cohort. National Health and Nutrition Evaluation Survey IIl
data on the national prevalence of an antibody to the hepatitis C virus were
extrapolated to Texas using census data weighted for local characteristics.
A Markov model estimated the progression of liver disease. Results showed
that 387,395 Texans (1.79%) are infected with the hepatitis C virus. County
prevalence varied from 1.25% to 2.63%, with higher rates concentrated
along the US-Mexico border. However, most cases of infection were lo-
cated near major Texas cities. The number of infected persons will decline
in the future. However, the proportion of cases progressing to cirrhosis
will increase, resulting in more complications such as liver failure and he-
patocellular carcinoma. Thus, chronic hepatitis C is common in Texas and
will result in an increase in complications of cirrhosis in coming years. The
disease will tax health care facilities and transplant units in the state.

epatitis C virus (HCV) is a bloodborne agent trans-
Hmitted predominantly by percutaneous exposure (1).

Most acutely infected individuals become chronically
infected. Chronic hepatitis C is common, with a worldwide
prevalence of 2.2% (2). In the USA, the estimated prevalence
is as high as 1.8%, or approximately 4 million persons (3, 4).
However, most HCV-infected persons do not realize that they
have the infection because they do not feel ill until late in the
course of their disease. Nonetheless, chronic hepatitis C often
progresses to cirrhosis and can result in late complications such
as ascites, variceal bleeding, or hepatic encephalopathy (5, 6).
Chronic hepatitis C is also a common cause of hepatocellular
carcinoma (HCC) and is the most common indication for liver
transplantation in the USA (7, 8).

The recently approved regimen of pegylated interferon and
oral ribavirin provides effective treatment for many patients
with chronic hepatitis C (9, 10). Approximately half of treated
patients permanently clear detectable virus. However, the success
rate is variable and depends upon the viral genotype, virus levels,
stage of fibrosis on liver biopsy, and ability to tolerate therapy (9,
10). Furthermore, most patients are not treated because their
infection has not been recognized or they have contraindications
to this treatment regimen. Thus, most HCV-infected individuals
remain untreated and serve as a persistent source of infection
within the population. They remain at risk for disease progression,
particularly after prolonged infection (4-6).

The current and future societal costs of chronic hepatitis C
are considerable. Several studies have projected that complica-
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tions of chronic hepatitis C, particularly HCC and hepatic failure
requiring liver transplantation, will more than double in coming
years (4, 11). Thus, estimations of local disease prevalence may be
helpful in projecting future health care needs. In this report, we
utilized a recent US population survey to estimate the prevalence
of chronic hepatitis C in the state of Texas and examined the
potential future impact of the disease in the state.

METHODS

We used data from the National Health and Nutrition Evalu-
ation Survey (NHANES) 111, conducted from 1988 through 1994,
to project hepatitis C prevalence in the Texas population (12).
NHANES is conducted periodically by the National Center for
Health Statistics, Centers for Disease Control and Prevention,
to obtain information on the health and nutritional status of the
noninstitutionalized civilian population in the USA by means
of household interviews, standardized physical examinations,
and collection and testing of blood samples in special mobile
examination centers. Alter et al (3) reported the prevalence of
antibody to HCV according to age, gender, income level, and
ethnic group based upon NHANES III. These data were then
weighted to provide an estimate of the prevalence of HCV infec-
tion in the US population.

We utilized 2000 US Census data for all Texas counties to
characterize the populations by age, gender, race/ethnicity, and
poverty level (13). The NHANES III hepatitis C subgroup anti-
body prevalence data were adjusted for aging of the population by
adding 6 years to each of the NHANES (1994) age categories to
better approximate the 2000 US Census data. We assumed that
90% of antibody-infected cases were true positives, i.e., HCV
infected. Finally, a weighted estimate of the HCV prevalence in
Texas counties was calculated using the age-adjusted NHANES
I anti-HCV prevalence rates and the characteristics of county
populations. County data were summed to provide a statewide
HCV prevalence.

We applied these estimates to a previously described Mar-
kov model that has been used to project progression of chronic

hepatitis C in the US population (4, 14). This model has been
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Figure 1. Prevalence rates of chronic hepatitis C virus infection by county in Texas.

validated by replicating the results of two large natural history
studies through computer simulation (14-16). The model utilizes
annual cycles during which patients can remain in the same state
of health (referred to as transition or disease states) or progress
to another disease state, for example from chronic hepatitis to
cirrhosis. In a Markov process, an individual faces a constant
probability of moving from one state to another within each of
these annual cycles (4, 14). However, since progression of chronic
hepatitis C is typically slow, most patients remain in the same
disease state from year to year. In addition, during each annual
transition period, patients are subject to normal age-adjusted all-
cause death rates as described by the National Center for Health
Statistics (www.cdc.gov/nchswww/). Thus, the computer model
is designed to quantify the expected number of HCV-positive
patients in various disease states across time. Of particular interest
to these projections was the relatively small subset that developed
cirrhosis and complications of liver failure, since these patients
are most likely to consume health care resources such as hospital
beds and transplant services. Projections assumed no treatment
of the cohort of infected cases since currently new prescriptions
for treatment occur in <1% of the estimated number of infected
cases per year (Schering Plough, personal communication).

RESULTS

Using the NHANES III anti-HCV prevalence rates and
weighting to the characteristics of the 2000 Texas population, we
estimated that 387,395 Texans, or 1.79% of the state population,
were infected. This corresponds to a prevalence rate of 1.38%
among whites, 2.82% among non-Hispanic blacks, 2.00% among
Hispanics, and 1.79% among others. The majority of infected
persons were white (39.5%) or Hispanic (36.4%). Most infected
individuals were male (66.8%), and 88.8% were between the ages
of 18 and 64 years. In fact, 36.8% and 22.9% of those infected
were men between the ages of 18 and 44 and between 45 and
64, respectively. Infections were uncommon in those <18 years

(5.3% of total) and =65 years (5.9% of total).
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Figure 2. Estimated number of hepatitis C virus-infected cases by county in Texas.

The estimated prevalence of infection varied significantly
from county to county, ranging from 1.25% to 2.63%. The major
factors influencing the estimated prevalence of infection were
racial mix and proportion of the population below the federal
poverty threshold. Counties with higher prevalence rates were
usually concentrated along the US-Mexico border (Figure 1).
Although the geographic grouping of prevalence was notable,
the figures did not reflect potential disease burden since the
population of many of these high-prevalence counties is small.
In fact, when the estimated number of infected cases per county
was examined, most infections occurred in population centers
around major metropolitan areas despite their generally lower
prevalence rates (Figure 2). For example, Hartley County had
the highest estimated prevalence at 2.63%, yet only 80 of the
county’s 3023 residents had infection. In contrast, Montgomery
County, a suburban area 40 miles north of Houston, had one of
the lowest prevalence rates (1.40%), but an estimated 4358 of
its residents were HCV infected.

Estimates of the chronic hepatitis C disease—related health
states were projected for future years using a previously developed
and validated Markov model. The model anticipated a gradual
decline in the total number of chronic HCV infections in coming
years due to a decreasing number of acute infections and non-
hepatic deaths of aging patients with chronic hepatitis C (Figure
3). The number of infected persons decreased from 387,359 in
2000 to 355,648 in 2005, 292,119 in 2015, and 234,858 in 2025.
However, the duration of infection in the surviving cohort of
patients with chronic hepatitis C increased, thereby resulting
in an enlarging proportion with more advanced liver disease.
Indeed, the number of cases with cirrhosis remained relatively
stable, increasing slightly through 2007 and then gradually declin-
ing. However, cirrhosis as a proportion of HCV-infected patients
progressively increased from 28.1% in 2000 to 40.6% in 2025
and remained over 40% thereafter (Figure 3).

As a result, the complications of cirrhosis also gradually
increased. The number of patients with decompensated liver
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in Texas. However, Baillargeon and colleagues reported
45 that hepatitis C was present in 27% and 48% of men
and women, respectively, who were incarcerated in
state prisons (20). Incarcerated individuals may have
a higher prevalence of infection than the general popu-
lation. We utilized the recent NHANES I1I to estimate
the prevalence of chronic HCV infection in the state
of Texas. Age-, gender-, race- and income-specific
prevalence rates from the NHANES III database were
used to estimate a weighted prevalence for all counties
in the state. Prevalence rates were generally highest in
border counties, a result driven primarily by weighting
for the high rate of poverty and the large number of
Hispanics in those counties. The impact that the ongo-

Percent

Figure 3. Projected number of all chronic hepatitis C virus (HCV) infections (light bars) and HCV-
related cirrhosis (dark bars) in the state of Texas over the next two decades. The proportion of

infected cases with cirrhosis is shown as a line.

ing population migration will have on the prevalence
of chronic hepatitis C is not known. The 2000 Census
data found that more than 7 million Hispanics live in
Texas, and the Migration Policy Institute reported that
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this number is growing rapidly due to both legal and illegal
immigration, largely from Mexico (21). The prevalence
of hepatitis C in this immigrant population is unknown.
However, the prevalence is high in those who have already
relocated to the USA (3), and it is reasonable to assume
that the health care burden related to the infection will
continue to increase in these border counties. Nonetheless,
the number of infected cases is currently greatest in urban
population centers, and therefore these areas will absorb
most of the health care costs related to the future care of
these patients.

We utilized a modification of a previously described
and validated mathematical model of the natural history
of chronic hepatitis C to project progression of liver disease

Figure 4. Projected total number of cases of HCV-related cirrhosis (total height of bar) in

the state of Texas over the next two decades.

disease (ascites, encephalopathy, and variceal bleeding) contin-
ued to rise and peaked in 2012 at more than 12,495 cases (Figure
4). Furthermore, the proportion of patients with cirrhosis who
decompensate continued to rise, reaching >12% by 2025. The
number of cases of HCC peaked in the next few years, assuming
that the annual risk of HCC among patients with chronic hepa-
titis C remained at the level observed prior to 2000 (Figure 4).
However, recent data demonstrated that the annual risk of HCC
is increasing, and therefore the model probably underestimated
the risk of HCC. If the model were to assume an annual risk
of 4% among cirrhotic patients based on recent European data
(17) or 7% based on Japanese or the most recent US data (18,
9), then our current estimate of the number of cases of HCC in
2005 would have underestimated the true number of HCC cases
by 29.6% or 50.0%, respectively. Finally, liver-related deaths in-
creased in proportion to the observed increase in decompensated
cirrhosis, though these estimates assume no advances in therapy
or increases in the number of donors for liver transplantation.

DISCUSSION

Chronic hepatitis C is a common infection, affecting ap-
proximately 1.8% of the population in the USA (3). There
have been no surveys of the hepatitis C population prevalence
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in this pool of patients (4, 14). The model was adjusted to
account for the estimate of HCV prevalence in the state in
2000 and cycled forward from that point. Thus, the model
projected that the number of HCV-infected cases would gradually
decrease in coming years as the incidence of new infection falls
and as currently infected patients die from nonhepatic age-related
causes. However, the pool of currently infected patients remains
at risk of progressive liver disease. Indeed, the model predicted
that an increasing proportion of the patients with chronic hepati-
tis C would develop cirrhosis over the next two decades, reaching
40% by the year 2025. As a result, there would be an increase in
the number of cases with complications of liver failure, HCC, and
death due to liver disease. In fact, recent observations confirm
previously predicted increases in these complications (22-24).

Furthermore, our model used an extremely conservative
estimate of risk for HCC. More recent estimates from the USA,
Europe, and Japan suggest that we may have significantly un-
derestimated the number of cases of hepatoma that will occur
(17-19). Options for managing patients with HCC and advanced
liver disease are limited. Liver transplantation is the best option
and is considered in many patients. However, if every patient
with decompensated cirrhosis or HCC in the state of Texas were
considered for liver transplant, annual referrals would currently
exceed 75% of the number of patients currently listed for liver
transplant in the entire USA, and the number of cases would
continue to increase for several more years.
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Previously published models have examined whether antiviral
treatment could decrease future complications of cirrhosis (4). In
addition, some studies suggest that interferon therapy may reduce
the risk of developing HCC (25). These reports and our predic-
tion of HCV-related complications in Texas clearly emphasize
the need for aggressive antiviral treatment of infected patients
before complications of cirrhosis occur and for availability of liver
transplantation once decompensation ensues. However, prescrip-
tions for antiviral therapy in the state have averaged about 3000
per year since 1998, so we can safely assume that only a small
percentage of patients are currently being offered such therapy.

While this report shows the likely increase in disease com-
plications in patients infected with HCV, it is important to
emphasize that most patients with chronic hepatitis C do not
develop cirrhosis. Furthermore, most of those who demonstrate
fibrosis progression never develop hepatic decompensation or
HCC. Nonetheless, this should not detract from the urgency in
identifying HCV-infected patients, developing more effective
therapy, and increasing long-term recurrence-free posttransplan-
tation survival.

The estimates and projections reported here are based on
national prevalence data and therefore must be considered ap-
proximate. Furthermore, the accuracy of the model projections
depends upon estimates and assumptions from published litera-
ture. The model is designed to utilize conservative estimates and
is intentionally biased to underestimate disease complications
whenever possible (4). To this end, it is of interest to note that
the number of cases appears to have surpassed previous projec-
tions utilizing this and similar models (22-24).
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